INTRODUCTION
Natural convection heat transfer and fluid flow in enclosed space or closed cavities has received considerable attention because of its importance in several thermal engineering problems. Applications are found in the design of electronic devices, solar thermal receivers, uncovered flat plate solar collectors having rows of vertical strips, geothermal reservoirs, crystal growth etc. For an enclosure, if the vertical walls are in different heated state and the bottom and the top walls are adiabatic, the fluid flow occurs due to the presence of a horizontal temperature difference. The density difference gradient is horizontal as well as the temperature difference gradient whereas the gravitational force acts perpendicularly downward. The gravity vector and the gradient vector act normal to each other and hence their orientation decides the direction of circulation in the cavity.
Flow inside an enclosure is much more complicated to investigate, as the boundary zone and the middle core zone never have the same effect for a certain boundary condition considered. The recent unified and most comprehensive review of this subject was made by Ostrach 1 and Hoogendoorn 2 . Other articles on the topic published are Valencia and Frederick 3 , Hasnaoui et al. 4 , Sundstrom and Kimura 5 and Nguyen and Prudhomme 6 , among others, who investigated natural convection in rectangular enclosures under various configurations and orientations. Ganzarolli and Milanez 7 performed numerical study of steady natural convection in rectangular enclosures heated from below and symmetrically cooled from sides. The heat source, which spanned the entire bottom wall, was either isothermal or at constant heat flux condition. Aydin 24 performed numerical study of natural convection inside a modified square enclosure having elliptical top and bottom covers.
From the above literature survey, it is found that there are some limited studies have been done for nonlinear top or bottom walled enclosure. The main interest of this investigation is to study the heat transfer for natural convection inside a modified square cavity with triangular top wall by considering the constant heat flux at one side of the vertical walls for different Rayleigh number ranging from 10 3 to 10 6 . The other vertical wall is kept at a constant temperature and the rest of the walls i.e. the bottom wall and triangular inclined top walls are at adiabatic condition. The objective of this numerical study is to observe the comparative heat transfer characteristics between the isoflux and the isothermal heating at the vertical wall for the case of natural convection inside the modified enclosure.
ANALYSIS
The details of the geometry for the configurations considered are shown in Figure 1 . A Cartesian co-ordinate system is used with the origin at the top center of the computational domain. All the considered models are a modified square enclosure with a triangular roof at the top where the left wall maintained at uniform heat flux, q. The right wall is maintained at constant cold (ambient) temperature, T c . The rest of the boundaries are considered as adiabatic. The model is not subjected to any external flow; hence the natural convection phenomenon is studied for the present model. All the solid boundaries are assumed to be rigid with no-slip condition.
Governing Equations
A two dimensional steady-state analysis of an incompressible fluid driven by the buoyancy force is considered inside an enclosure with triangular top roof. The governing equations considered here are the same as those of Morsi and Das 23 . Using the Boussinesq approximation and neglecting the dissipation effect due to the viscous term, the governing equations in nondimensional form are written as follows: 
All the above equations are normalized using the following dimensionless scales: 
Boundary Conditions
For the Navier-stokes equation, the boundary conditions are no slip at all walls and for the energy equation, the left wall is maintained at uniform heat flux q, the right wall is at uniform temperature, T c and the other walls are considered adiabatic. The boundary conditions and the flow domains are illustrated in The average Nusselt number, Nu at the heated surface is a measure of convective heat transfer coefficient. The expression for the average Nusselt number is
where, θ s (Y) is the dimensionless local temperature at the heated surface.
NUMERICAL ANALYSIS

Computational Procedure
The governing equations are solved numerically using a finite element technique. A mixed finite element (FE) model is implemented with two types of triangular Lagrange element: an element with linear velocity and pressure interpolations for the continuity and momentum equations and an element with a quadratic basis velocity and temperature interpolations for the energy equation. A stationary non-linear solver is used together with Direct (UMFPACK) linear system solver. The relative tolerance for error criteria was 10 . The non-linear equations are solved iteratively using Broyden's method with a LUdecomposition pre-conditioner, always starting from a solution for a nearby Rayleigh number. Non-uniform grids of triangular element are employed here with denser grids clustering in regions near the heat source and the enclosed walls. 
Grid Refinement Check
Preliminary results have been obtained to inspect the field variables grid-independency solutions. All the tests have been performed at Pr = 0.71 and Ra = 10 3 for the configuration of E/L ref = 0.5 as reported in Figure 2 . Using a triangular mesh for two-dimensional simulations, eight meshes are used of which, the coarsest mesh has 1007 elements and the finest mesh has 7929 elements. Extensive numerical tests are performed and it is found that 5056 mesh elements provides satisfactory spatial resolution for the test geometry and the solution obtained is to be independent of the grid size with further refinement.
Code Validation
The computer code has been validated with the results obtained for natural convection inside the same tested model as obtained by Morsi and Das 23 considering isothermal heating condition. The comparison of the results is reported in the Table 1 . From the comparison, it can be seen that the computer code is capable of calculating the flow field in the present configuration.
RESULTS AND DISCUSSION
The results of this study are obtained for Pr = 0.71 and Ra = 10 3 to 10 6 using non-uniform triangular meshes with the parametric variation of E/L ref from 0.1 to 0.5. The resulting flow structures are analyzed to provide an idea or understanding of the effect of the Rayleigh number on the flow and the thermal fields. Important dimensionless parameter for the present study is the average Nusselt number, which has been examined to make important conclusion of the present investigation.
Effect of Rayleigh number
The development of flow and thermal fields within the modified enclosure for Ra = 10 3 and 10 6 is presented in Figures 3 and 4 , the convection effect is very less and hence, the inertia forces do not make significant contribution to the heat transfer mechanism between the end walls. With the increase of the Rayleigh number, the buoyancy force increases, resulting in a strong circulation of the fluid inside the cavity and thus indicating convective heat transport as observed in Figure 4 . Moreover, the streamlines of the bottom of the enclosure are more densely packed than the top of the enclosure. This is due to the geometry of the top wall. 
Isotherm
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The flow is thermally stratified in the core of the enclosure for Ra = 10 3 . No thermal stratification further appears after Ra > 10 3 and the isotherms are only slightly distorted by the weak flow emerging from the hot source. For lower Rayleigh number the isotherm lines are laminar like near parallel and near vertical lines. The heat transfer is purely by means of diffusion because the buoyancy force generated is not strong enough to initiate fluid convection. As the Rayleigh number increases, the nature of isotherm lines begins to deviate from that of the lower Rayleigh number. For the higher values of the Rayleigh number, the isotherm lines are a bit revolved 'Z' shaped at right angle i.e. the isotherm lines change their direction vertically at the core region. This also proves the dominance of the convective currents due to the increase of Rayleigh number. As a result, the uniformity in temperature gradient decreases and the isotherm lines become more horizontal resulting a less densely packed pattern at the core zone. Furthermore, the isotherm lines are very much packed and highly dense at the heated and cool wall. This is evident from the large temperature gradient near the heated and cold isothermal walls. 
Effect of Inclined Roof Height Ratio
The buoyancy-driven flow and temperature fields inside the modified enclosure of various inclined roof height ratios are illustrated by means of contour maps of streamlines and isotherms, as exemplified in Figures 3 and  4 . These figures indicate that the triangular top roof eliminate the stagnation zones at the corners and enhance the velocity of the fluid close to the vertical walls. It is also observed from these figures that the vertical velocity component is comparatively higher at high Rayleigh numbers. This is mainly due to the adiabatic triangular top roof, which allows a smooth passage to the fluid near the top boundary of the heated wall. However, when the fluid enters the triangular top roof area, it decelerates substantially, resulting in lower U velocity in the central part of the triangular roof area. This is due to the fact that the flow gets a larger surface area due to the increase of E/L ref ratio, while passing from the top heated corner to the top central part of the enclosure and gently deflecting over the inclined top roof near the heated wall. This results in a weakening of the vorticity near the wall for severe change in flow direction.
Heat Transfer
A comparison of the average Nusselt number between the present isoflux heating and the previous published result of isothermal heating (Morsi and Das 23 ) has been made extensively. The values of average Nusselt number have been evaluated for air (Pr = 0.7) and for Ra in the range 6×10 3 to 4×10 4 . The obtained values of the average Nusselt number, reported in Table 2 , also reveal a good comparison among the different geometric configurations investigated here.
In case of the low E/L ref ratio, low heat transfer rates exist due to the severe deflection of flow away from the vertical walls. The insertion of the more inclined boundaries at the top wall allows the convective currents to redirect more smoothly over the triangular surface, which strongly enhances the average Nusselt number. The increase in roof height ratio, E/L ref improves the convective current for all conditions; thus a net rise in the average heat transfer rate along the heated wall is observed. In general the Nusselt number increases with the increase of Rayleigh number. Because at higher Rayleigh number the intensity of convection increase significantly resulting a significant change in the isotherm patterns. Again, the comparison of the present (iosflux heating) results with those of Morsi and Das 23 shows that the average Nusselt number of the heated surface for isoflux heating is always lower than that of isothermal heating 23 . The reason behind this behavior is that for the case of isoflux heating the heat input per unit area is constant as the fluid moves along the heated surface. As a result, the rate of increase in the average bulk temperature of the cooling fluid with respect to flow length is constant as it moves along the surface which results a linearly increasing temperature profile for both the fluid and the surface. For the isothermal surface case, as the fluid moves along the surface and heats up, the temperature differences between the surface and the fluid begin to decrease and so the heat flux at the surface. But for the case of isoflux heating, temperature differences of the heated surface and the average bulk temperature of the fluid remain constant which pointed out lower value of the average Nusselt number compared to isothermal heating. Similar nature of these comparisons between isoflux and isothermal heating are likely to be agreed with the wellestablished results as obtained by Saha et al. 24 .
CONCLUSIONS
A numerical study has been carried out for a modified square enclosure with a triangular roof to observe the influence of the inclined roof height on the fluid flow and heat transfer. Some of the important outcomes of the present investigation are as follows: , representing the domination of convection over conduction heat transfer.
(ii) The triangular top roof height plays a significant role on the convection heat transfer mechanism. The higher the roof height, the more enhancement of heat transfers from the heated wall. (iii) The comparison shows that the average Nusselt number for the case of isoflux heating is always less than isothermal heating. 
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